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NATIOlfAL ADVTSOBT COMMEETEB FOB AEBOBAUTICS 
EESEABCH MEM)BA]nX3M 

IiIFTj ISRMi, AND PITCBING M3MEINT OF IOWtASEECT-EATIO 
WINGS AT SOBSONIC AND SOPEBSONIC SPEEIDS — PLANE 
TKIANGDLAH WING OF ASPECT EATIO WITH 

3-percent-thtce: bounded nose section 

By John C. Beltmayer and Bona Id C. Hightower 

SOMMAET 


A wing-hody coaoblnatlon having a plane triangular wing of aspect 
ratio h and S-^e^^cent-^fchlclc rounded nose sections In streamwise planes 
has heen Investigated at "both, suhsonlo and supersonic Mach numbers. The 
lift, drag, and pitching moment of the model are presented for Mach 
numbers from 0,60 to 0.92 and from 1.20 to 1,70 at Beynolds numbers of 
2,91 mllllan and h.l5 million. 


INTBOrUJCTION 


A research program is in progress at the Ames Aeronautical Labora- 
tory to ascertain experimentally at subsonic and supersonic Mach numbers 
the characteristics of wings of interest in the deslgi of hi^— speed 
fighter airplanes. The effects of variations in plan foim, twist, caniber, 
and thiciness are being Investigated. The results of this program to 
date are presented in references 1 to 9. 

This report is one of a series pertaining to this program and pre- 
sents results of a wing-body combination having a plane triangular wing 
of aspect ratio 4. The model is the same as that used in reference 9 , 
except that the B-percent^thlok biconvex section of i*eference 9 "was modi- 
fied. This modification consisted of replacing the portion of the 
biconvex section, forward of the midchord location, with an elliptical 
profile. The tangent to the airfoil section at the 50~P®rceii-t-chord 
position was horizontal. Figure 1 shora plotorlally the extent of this 
modification . 
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As in references 1 to 9t the data herein are presented without 
analysis to e33)edite publication . 
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wing span 


mean aerodynamic chord 


local wing chord 





M 

q 

E 

r 

S 

X 

y 

a 


length of body Including portion removed to accommodate sting 

Uft^-drag ratio 

inflT-T TmiTu Uft—drag ratio 

Mach number 

free— stream dynamic pressure 

Eeynolds number based cn the mean aerodynamic chord 
radius of body 
maximum body radius 

total wing area, including area fomed by extending leading and 
trailing edges to plane of synmetry 

longitudinal distance from, nose of body 

distance perpendicular to plane of symmetry 

angle of attack of body axis, degrees 


drag coefficient 
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lift coefficient 



On, 

da 

a-Qm 

dOL 


pltchlng-moment coefficient referred to quarter point of mean 


aerodyctamlc chord 


(‘ 


pitching moment 
qSc 




slope of the lift oiirve measured at zero lift, per degree 


slope of the pitching-moment ciirve measxired at zero lift 


APPAEATUS 

Wind Tunnel and Equipment 


The experimental Investigation was conducted In the Ames 
6— hy 6-foot supersonic wind tunnel. In this wind tunnel, the I^ach 
numbei^ can he varied continuously and the stagnation pressure can he 
regulated to maintain a given test Eeynolds number. The air Is dried 
to prevent formation of condensation shocks. Further information on 
this wind tunnel is presented in reference 10 . 

The model was sting mounted in the tunnel, the diameter of the 
sting being about 93 percent of the diameter of the body base. The 
pitch plane of the model support was horizontal. A 4— inch-diameter , 
four-component, strain-gage balance, described in reference 11, enclosed 
within the body of the model, was used to measure the aerodynamic forces 
and momente. 


Model 


A plan and a front view of the model and certain model dimens ions 
are given in figure 2. Other Important geometric characteristics of the 
model are as follows: 

Wing 

Aspect ratio ^ 

Taper ratio 0 

Airfoil section (streamwlse) . , 3-percent— thick modified biconvex 
Total area, S, square feet 2,425 
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Wing 


Wfean aerodTuamic chord, feet I.038 

Ihhedral, degrees 0 

Cajiiber None 

Twist, degrees 0 

Incidence, degrees ... ..... 0 


Distance, wing-chord plane to hody axis, feet . 0 

Body 

Fineness ratio ("based upon length 1; fig, 2), 12.5 

Cross-section shape Circular 

Maximum cross-sectional area, square feet 0.1235 

Eatlo of maximum cross-sectional area to wing area . . . O.O509 

The wing contour of the present model was obtained by covering the solid 
steel wing of reference 9 with a tin bismuth alloy. The body spar was 
steel and was covered with aluminum to form the body contours. The 
surfaces of the wing and body wore polished smooth. 


TESTS AND BROGEEUKE 
Range of Test Tariables 


The characteristics of the model (as a function of angle of attack) 
were investigated for a range of Mach numbers from 0.60 to 0.92 and from 
1,20 to 1.70. The data were obtained at Reynolds numbers of 2.91 million 
and ij-.15 million. 


Reduction of Data 


The tost data have be^i reduced to standard NACA coefficient form. 
Factors which could affect the accuracy of these results, together with 
the corrections applied, are discussed in the following paragraphs. 

Tunnel-wall Interference .— Corrections to the subsonic resiilts for 
the Induced effects of the tuimel walls resulting from lift on the model 
were made according to the methods of reference 12. The numerical values 
of these corrections (which were added to the uncorrected data) were: 


= 0.592 Ql 
ACjj = 0.01035 CjZ 


No corrections were made to the pltchlng-mommit coeff iolaats . 
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The effects of cons trie tlon of the flov at subsonic speeds by the 
tunnel walla were taken Into account by the method of reference I 3 . 

This correction was calculated for conditions at zero angle of attack 
and was applied throughout the angle-of— attack range. At a Mach number 
of 0 . 90 , this correction amounted to a 2-percent increase in the Mach 
number and In the dynamic pressure over that determined from a calibra- 
tion of ■Uae wind tunnel without a model in place. 

For the tests at supersonic speeds, the reflection tram, the tunnel 
walls of the Mach wave originating at the nose of the body did not cross 
the model., ITo corrections were required, therefore, for tunnel-wall 
effects , 

Stream variations.— Tests at subsonic speeds in the 6— by 6— foot 
supersonic wind timnel of the present symmetrical model In both the 
normal and inverted positions have Indicated a stream inclination of 
- 0 , 05 ° and a stream curvature capable of producing a pitch! ng-moment 
coefficient of -0.004 at zero lift. No corrections were made to the 
data of the present report for the effect of these stream Irregular— 
Itles. No measurements have been made of the stream curvature In the 
yaw plane. At subsonic speeds, the longitudinal variation of static 
pressure in the region of the model Is not known accurately at present, 
but a preliminary survey has Indicated that it is less than 2 percent of 
the dynamic pz>easure. No correction for this effect was made, 

A survey of the air stream in the 6-^ by 6-foot wind tunnel at super— 
scnic speeds (reference 10 ) has shown a stream curvature only in the yaw 
plane of the model. The effects of this curvature on the measured char- 
acteristics of the present model are not known but are believed to be 
small as judged by the results of reference l4. The survey of refer- 
ence 10 also indicated that there la a static-pressure variation in the 
test section of sufficient magnitude to affect the drag results. A 
correction was added to the measured drag coefficient, therefore, to 
account for the longitudinal buoyancy caused by this static-pressure 
variation. This correction varied from as much as -O.OOO 8 at a Mach 
number of 1,30 to 0,0006 at a Mach number of 1.70. 

Support interference .- At subsonic speeds, the effects of support 
interference rm tha flfl-mdy rtBm^ characteristics of the model are not 
known. For the present taHless model, it is beULeved that such effects 
consisted primarily of a change In the pressure at the base of the model. 
In an effort to correct at least partially for this support interfer- 
ence, the base pressure was measured and the drag data were adjusted to 
correspond to a base pressure equal to the static pressure of the free 
stream. 

At supersonic speeds, the effects of support Interference of a 
body-sting configuration similar to that of the present model are shown 
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ty reference I 5 to be confined to a change in base pressure. The pre— 
Tiously mentioned adjustment of the drag for base pressure, therefore, 
was applied at supersonic speeds. 


KESHLTS 


The results are presented in this report without analysis in order 
to expedite publication. The Tariation of lift coefficient with emgle 
of attack and the variations of pltohlng-aiament coefficient, drag coef- 
ficient, and lift— drag ratio with lift coefficient at iMaoh numbers from 

0.60 to 1.70 and at Reynolds numbers of 2.91 million and h.l5 million 
are shown in figure 3 . 

The results presented in figure 3 for a Reynolds number of 4.15 
million have been summarized in figure 4 to show some important param- 
eters as functlonfl of Mach number. Also presented in figure 4, for 
comparison purposes, are the data of reference 9 at a Reynolds number of 
4.15 million. The slope parameters in this figure have been measured at 
zero lift. 


Ames Aeronautical Laboratory, 

Rational Advisory Conanlttee for Aeronautics, 
Moffett Field, California . 


references 


1. Smith, Donald ¥., and Heltmeyer, John C. : Lift, Drag, and Pitching 

Moment of Low-rAspeot-Ratlo Wings at Subsonic and Supersonic 
Speeds — Plane Triangular Wing of Aspect Ratio 2 With NACA OOO 8-63 
Section. NACA RM A50E20, 1951. 

2 . Smith, Donald W., and Heitmeyer, John C. : Lift, Drag, and Pitching 

Moment of Low-Aspeot-Ratlo Wli^s at Subsonic and Supersonic 
Speeds — Plane Trlangtilar Wing of Aspect Ratio 2 With NACA OOO 5-63 
Section. RACA RM A 5 OZ 2 I, 1951. 

3 . HeUaneyer, John C., and Stephenson, Jack D.: Lift, Drag, and Pitch- 

ing Moment of Low-Aspeot-Ratlo Wings at Subsonic and Supersonic 
Speeds — Plane Triangular Wing of Aspect Ratio 4 With RACA OOO 5-63 
Section. NACA RM A50K24, 1951. 



WACA BM A52JF21 


7 


k, PhelpSj E. Bay, and Smith, Willard G. : Lift, Drag, and Pitching 

Moment of Xow-Aspect-Batio Wings at Subsonic and Supersonic 
Speeds — Triangular Wing of Aspect Eatlo 4 With HACA 000 5-63 
Thiciness Distribution, Cambered and Twisted for Trapezoidal Span 
Load Distribution. NACA EM A50E24b, 1951. 

5 . Heltmeyer, John C., and Smith, Willard G. ; lift. Drag, and Pitching 

Moment of Lov-^spect-Eatio Wings at Subsonic and Supersonic 
Speeds — Plane Triangular Wing of Aspect Eatlo 2 With TTACA OOO 3 — 63 
Section. NACA EM A50E24a, 1951. 

6. Smith, Willard G., and Phelps, E. Eay: Lift, Drag, and Pitching 

Ifoment of Lov-Aspect-Eatlo Wings at Subsonic and Supersonic 
Speeds — Triangular Wing of Aspect Eatlo 2 With NACA OOO 5-63 
Thickness Distribution, Cambered and Twisted for a Trapezoidal 
Span Load Distribution. NACA EM A50E27a, 1951. 

7 . Reese, David E., and Phelps, E. Say: Lift, Drag, and Pitching 

Moment of low-rAspeot-Eatlo Wings at Subsonlo and Supersonic 
Speeds — Plane Tapered Wing of Aspect Eatlo 3 .I With 3-Percent— 
Thick, Blconver Section. NACA EM A50E28, 1951- 

8. Hall, Charles F., and Heltmeyer, John C.: lift. Drag, and Pitching 

Moment of Low-Aspect-Satlo Wings at Subsonic and Supersonic 
Speeds — Twisted and Cambered Triangular Wing of Aspect Ratio 2 
With NACA 0003-63 Thickness Distribution. NACA A 5 IBOI, 1951. 

9. Heltmeyer, John C.: Lift, Drag, and Pitching Moment of Low-^pect— 

Ratio Wings at Subsonic and Supersonic Speeds — Plane Triangular 
Wing of Aspect Eatlo 4 With 3-Peroent— Thick, Biconvex Section. 

NACA EM A 5 ID 3 O, 1951 . 

10. Frick, Charles W., and Olson, Robert N.: Flow Studies in the 

Asymmetric Adjustable Nozzle of the Ames 6— by 6-foot Supersonic 
Wind Tunnel. NACA EM A9E24, 1949. 

11. Olson, Eobert N., and Mead, Merrill H. : Aerodynamic Study of a 

Wlng-rFuselage Combination Enploylng a Wing Swept Back 63 ^.— 
Effectiveness . of an ELevon as a Long i t udina 1 Control and the 
Effects of Camber and Twist on the I^aximimi Lift— Dreig Ratio at 
Superscnlo Speeds, NACA EI4 A50A31a, 1950. 

12. Glauert, H, : Wind-Tunnel Interference on Wings, Bodies and 

Airscrews. British, E. &. M. No. I 566 , 1933. 

13 . Herrlot, John G.: Blockage Corrections for Three-Dlmenslonal-Flow 

Closed— Throat Wind Tunnels, With Consideration of the Effect of 
Compressibility. NACA Sop. 995» 1950. (Formerly NACA EI4 A7B2S) 


8 


NAGA BM A51F21 


14. Lesalng, Henry C.: Aerodynamio Study of a Wing— Fuselage Combina- 

tion Employing a Wing Swept Back 63° — Effect of Sideslip on 
Aerodynamic Cliaracteristlcs at a Mach Number of 1.4 With the Wing 
Twisted and Cambered. EAGA EM A50P09, 1950- 

15 . Perkins, Edward W. : Experimental Investigation of the Effects of 

Support Interference on the Drag of Bodies of Revolution at a Mach 
Number of 1.5. NACA TN 2292, 195^. 



Percent of chord 

Figure! -Comparison of the airfoil section of the present report with that of reference 9. 
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(a) Cl vs a 

Figure 3.~The variation of the aerodynamic characteristics with Sft coefficient at various Mach numbers. 
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PitcNng-momnt coefficient. Cm 

(b) Ci\tsCm 
Figure 3.-Continued. 
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Figure 3-Conciuded. 
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Figure 4.- Summary of aerodynamic characteristics as a function of 
Mach number. Reynolds number, 4.15 miHlon. 
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Figure 4.- Conciuded. 







